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© Optical circuitry, substrates therefor, opto-electronic devices and methods of making them. 

© An optical surface mount circuit comprises a substrate (10) having optical wave guides (12) and a first 
guide means (11) positioned and fixed relative to an end surface (14) of the optical wave guide, and an 
optica] part (50) having an optical terminal (5,7) and a second guide_ means (9) at the bottom positioned 
and fixed relative to the optical terminal, the first and the second guide means (11,9) being engaged and 
fixed at the front surface of the substrate (10), and the optical terminal (5.7) and the end surface (14) of 
the optical wave guide being optically connected. 

A substrate used in the optical surface mount circuit, a method of producing the substrate, and an 
opto-electronic surface mount device used in the optical surface mounting circuit, are also disclosed. 
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The present invention relates to optical surface mount technology. Optical surface mount circuits are based 
on optical surface mount technology, that optical, opto-electronic, and electrical devices are mounted on the 
surface of opto-electronic printed wiring boards. Hereinafter, optical surface mount technology, optical surface 
mount circuit, opto-electronic printed wiring board, opto-electronic surface mount device are abbreviated as O- 
SMT, O-SMC, OE-PWB, and OE-SMD, respectively. 

Rapidly increasing production of opto-electronic products raises serious problems in manufacturing pro- 
cess. For instance, almost all fiber-optic communications have shifted to single mode operation, which has 
resulted in demand of tremendous man-hours for optical alignments and adhesions. One of the applicants first 
proposed Micro-Optics concept in the early period of optical communication development [T. UCHIDA and I 
KITANO: Japan Electronic Eng.. p22 (Feb. 1 969) and T. UCHIDA and S. SUGIMOTO: 8-1 , (Invited), 4th ECOc! 
1978, Genoa]. Micro-optic devices require a considerable amount of man-hours despite of their' reasonably 
good performances. Silica wave guide IC [T- MIYASHITA et aL: 18D1-1, IOOC 89 (July, 1989, Kobe)] or HOPS 
(hybrid Optical Packaging on Si [C.H.HENRY, et aL: IEEE J. Lightwave Tech., vol. 7, No. 1 0, p1530, Oct 1989]) 
and OEIC (Opto-Electronic IC) are under intensive development. Serious problems exist in mounting these 
devices on boards, which requires much troublesome work. These problems have not been much investigated 
to date, while packaging technologies for these devices are being well developed. 

In current electronics, on the other hand, SMT (Surface Mount Technology) is widely employed in huge 
and personal computers, communication equipments and home appliances like TV, on account of its merits of 
high density component mounting and drastic reduction of man-hours for board assembly. 

O-SMT (Optical Surface Mount Technology p\ UCHIDA: 8th Micro-Optics Seminar Digest, pi, May 1990 
Japan]) is intended to present a possible solution to the above-mentioned problems in opto-electronics. 

In the meantime, the inventor has formerly proposed in Japanese patent publication No. 48-5,975 (Japan- 
ese Patent No. 1002398) a printed type optical circuit as schematically shown in attached Figs 15and 16 That 
is, depending on a desired pattern, an optical wave guide 32 is formed in a glass substrate 10 extending from 
one end surface to the other end surface of the glass substrate 10, and the refractive index of the glass substrate 
10 is gradually decreased from the central axis of the optical wave guide 32 to the surrounding portion thereof 
to obtain a circuited substrate for an optical circuit. Usually, when the refractive index is decreased from the 
central axis of an optical conductor towards the surrounding portion thereof, a light beam passing through the 
optical wave guide is enclosed therein to assume an optical pass vibrating meandering around the optical axis 
of the optical wave guide. However, in the aforementioned circuited substrate, an end surface 35 of the optical 
wave guide 32 is exposed on the end surface of the glass substrate 10, so that an optical part, that is opto- 
electronic device, such as laser diode, etc., has to be attached to the end surface of the glass substrate 10 
Hence, a technique of mounting optical parts which is similar to surface mount technology (SMT) in electric 
systems is not applicable. 

An usual technique of intimately adhering a prism on the optical wave guide to extract a light beam in the 
optical wave guide has a great difficulty in alignment of the optical axes. Also, a method of using a diffraction 
lattice to extract a light beam in the optical wave guide has difficulties in mass-producing the diffraction lattice 
of such minute structure and positioning thereof. In addition, though a method can be considered of providing 
a groove which penetrates through the optical wave guide 32 from the front surface 30 to the otherfront surface 
31 of the glass substrate 10 in Fig. 16 and fixing the optical part in the groove, the method has drawbacks in 
pract.cal use in that the processing steps, processing time and processing cost are increased, and alignment 
of the optical axes is difficult 

It would be desirable to provide O-SMT. In O-SMT, OE-SMD is easily mounted on a front surface of a sub- 
strate (OE-PWB) without any troublesome adjustment. O-SMT can easily achieve mass-production, designing 
of mounting and change of the designing of complicated optica! circuits. 

It would also be desirable to provide an OE-PWB for an optical surface mount circuit on a front surface of 
which OE-SMDs can easily be mounted and which can easily achieve mass-production, designing of mounting 
and change of the designing of complicated optical circuits. 

Equally, it would be desirable to provide a method of producing such OE-PWB. 

Particularly preferably, it would be desirable to provide OE-SMD which involves a light beanvreceiving ele- 
ment, a luminescent element, an electric part, focussing type rod lens and the like individual optical part. 

In various aspects, the present invention provides new devices and methods seeking to overcome, at least 
partially, one or more of the above mentioned problems. 

In the first aspect the present invention is an optical surface mount circuit, comprising, a substrate having 
an opticaJ wave guide and at least two guide holes positioned and fixed relative to end surfaces of the optical 
wave guide, and an OE-SMD having optical terminals and at least two guide pins at the bottom positioned and 
fixed relative to the optical terminals, the guide holes and the guide pins being engaged and fixed at the front 
surface of the substrate, and the optical terminals and the end surface of the optical wave guides being optically 
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connected. 

In the second aspect, the present invention is a substrate for optical surface mount circuits, comprising 
optical wave guides in the interior of the substrate, at least one end surface of the optical wave guides being 
exposed to the front surface of the substrate. 

5 In the third aspect, the present invention is a method of producing a substrate for optical surface mount 

circuits, comprising the steps of, forming a desired pattern of a first mask on a front surface of a plate-shaped 
transparent dielectric body containing metallic cations, contacting a salt of metallic cations having a larger ion 
polarization per unit volume than that of the metallic cations in the plate-shaped transparent dielectric body with 
a first exposed part of the front surface not coated by the first mask to perform a first ion exchange, removing 

10 the first mask from the front surface, subsequently coating a portion of the first exposed part with a second 
mask, contacting a salt of metallic cations having a smaller ion polarization per unit volume than that of the 
metallic cations used in the first ion exchange step with a second exposed part of the front surface not coated 
by the second mask to effect a second ion exchange, and removing the second mask from the front surface, 
whereby an optical wave guide having a zone of refraction gradient wherein the refraction is decreased from 

15 the central axis toward the surrounding portion is formed according a pattern of the first exposed part, and an 
end surface of the optical wave guide exposed to the front surface is formed on the portion coated by the second 
mask. 

In the fourth aspect, the present invention is to provide an OE-SMD comprising, electric parts for electric 
circuits, an opto-electric signal transducer for transducing optical signals and electric signals from each other, 
20 electric terminals electrically connected to the electric parts for electrically connecting to electric wirings on or 
in the substrate, and optical terminals having an optical axis aligned with the signal transducer and optically 
connected to end surfaces of the optical wave guides of the substrate. 

The term "optical terminal" used herein means an optical input terminal and/or an optical output terminal. 
For a better understanding of the present invention, reference is made to the accompanying drawings, in 
25 which: 

Figs. 1A and 1B are a schematic perspective view of a mounted state of an optical electron accumulated 
device, respectively, wherein Fig. 1 A shows an embodiment of guiding the front surface 30 to protrude the 
end surface 14, and Fig. IB shows an embodiment of exposing the end surface 14 without grinding the 
front surface 30; 

30 Figs. 2A, 2B and 2C are a schematic cross-sectional view of a major portion of Figs. 1 A and 1 B, respect- 

ively; 

Fig. 3 is a schematic cross-sectional view of Fig. 2A along the iine A-A: 

Fig. 4 is a schematic cross-sectional view of a major portion of a switching device showing its mounted 
state on the substrate; 

35 Figs. 5A, 5B and 5C and Figs. 6A, 6B and 6C are a schematic cross-sectional view of a major portion of 

another OE-SMD showing its mounted state on the substrate, respectively, wherein Figs. 5A and 6A show 
embodiments of protruding the end surface 14 from the front surface 30, Figs. 5B and 6B show embodi- 
ments of fixing selfoc lenses 5, 7 on flange portion 2, and Figs. 5C and 6C show embodiments of fixing 
the selfoc lenses 5, 7 on a housing (package) 1 in such a fashion that the end surfaces of the lenses 

40 assumes a same level with the bottom surface of the housing 1; 

Fig. 7 is a schematic perspective view of a state of mounting a plug which connects optical wave guides 
by an optical fiber on a substrate; 

Fig. 8 is a schematic cross-sectional view of a precise metallic fitting having a built-in plug of Fig. 7; 
Fig. 9 is a schematic plan view of plug such as mixing rod or wavelength multiplexer/demultiplexer plug; 
45 Figs. 1 0A, 1 0B, 1 0C and 1 0D are schematic perspective views showing sequential process steps of forming 

an optical wave guide on a glass substrate; 
Fig. 1 1 is a schematic cross-sectional view of Fig. 1 0D; 

Fig. 12 is a schematic cross-sectional view of another embodiment of the OE-SMD showing the structure 
thereof; 

so Fig. 13 is a schematic cross-sectional view thereof taken along the line A-A of Fig. 12; 

Fig. 14 is a schematic front view of a mounted state of another embodiment of the OE-SMD; 

Fig. 15 is a schematic perspective view of a conventional glass substrate having an optical wave guide 

formed therein; 

Fig. 16 is a schematic cross-sectional view thereof; 
55 Figs. 17, 18 and 19 are schematic cross-sectional views of an embodiment of sequential process steps of 

forming an optical wave guide in a semiconductor PWB substrate; 

Fig. 20A, 20B, 20C, 20D and 20E are schematic cross-sectional views of another embodiment of sequential 
process steps of forming an optical wave guide a semiconductor PWB substrate; 

3 
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Fig. 21 is a schematic cross-sectional view of a resin substrate wherein an optical fiber is embedded therein; 
Fig. 22 is a schematic cross-sectional view of another embodiment of an OE-SMD mounted on the sub- 
strate; and 

Fig. 23 is a schematic cross-sectional view of an embodiment of an optical wave guide having a slot in the 
substrate showing a state of refraxing a light beam at the slot 



Numberings in the drawings. 



1 



housing (package) 



10 2 ... flange 

3 — electrically processing device (circuit) 

4 ... liaht heam-rpfif»i\/inn plomont fr\hf\*~r> 



light beam-receiving element (photo-detector) 
5 » 7 — selfoc lens (optical input terminal) 

6 — luminescent element (laser diode or light emitting diode) 

8 — cushion (rubber, or plastic, or metal, etc.) 

9 •« guide pin 
10 ... glass substrate 
11 — guide hole 
12, 12A, 12B, 12C, 12D, 82 ... optical wave guide 
12a ... straight portion 
12b ... bend portion 
12c ... end portion 
14, 14A, 14B, 14C, 14D ... end surface 

1 5 — electrical input/output terminal 

16 — optical isolator device 

1 7 — birefringent prism as polarizer 
13 — Faraday's element 

19 birefringent prism as analyzer 

20 ... mirror 

30 21 ... first mask 

22 ... exposed part 

26 ... second mask 

30, 31 ... front surface 

32 ... conventional optical wave guide 

35 33 • *. optical connector 

34 electrical connector 

41 ~. columnar portion of fitting 45 

42 .» flange portion of fitting 45 



43 ... optical fiber 

40 43a ... core of optical fiber 43 

43b ... end surface of core 43a 

44, 51 ... plug 

45 » 52 ... precise metallic fitting 

46 cushion of rubber, resin, or metal 

45 50, 60, 70 ... - optical electron accumulated device 

53 ... mixing rod 

63 ... Si layer (semiconductor layer) 

64 ... electrically insulative layer 

65 — S! 3 N 4 or S1O2-TIO2 optical wave guide 
50 6 5a ... straight portion 



mirror portion 

65c ... end portion 

65d ... end surface 

66 ... cladding layer 

ss 67 ... base plate 

68 ... optical fiber 

69 ... end surface of optical fiber 68 
71 ... surface layer 
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72 ... resin substrate 

80 ... leaf spring 

80a ... flange of leaf spring 80 

80b ... pressing portion of spring 80 

5 81a ... stud 

81b... bore 

82 ... optical wave guide 

82a ... end surface of optical! wave guide 82 

85, 87 ... selfoc lens v 

10 85a, 87a... mirror portion 

90 ... light beam-reflecting membrance (metallic thin film or layered reflecting 

membranes of dielectric bodies) 



Hereinafter, the present invention will be explained in more detail with reference to examples. 
15 Example 1 

Referring to Figs. 1-3, a state of mounting an OE-SMD on a plate-shaped transparent dielectric body glass 
substrate 10 is shown. 

In the interior of the glass substrate 10 a total of 4 columns of optical wave guide 12 are formed each of 

20 which consists of a straight portion 12a, a bend portion 12b, and an end portion 12c. The end surfaces of the 
straight portions 12a are exposed to the end surface of the glass plate 1 0 and connected to optical connectors 
33. The optical connectors 33 are fitted and fixed to another devices or optical circuits (not shown). The end 
portions 12c are formed to stand vertically to front surfaces 30, 31 of the glass substrate 10, while exposing 
the end surfaces 14 of the end portions 12c to the front surface 30. For a pair of end surfaces 14 exposed to 

25 the front surface 30 a pair of guide holes 1 1 are bored with a desired angle of, for example, 90°. The end surfaces 
14 and the pair of guide holes 11 are positioned and fixed relative to each other. 

On or below the surface 30 and 31 of the glass substrate 10 is arranged a desired printed electric wiring 
directly or through a buffer layer (not shown), which is connected to an electric connector 34. The technique 
per se of arranging a printed electric wiring is well known, so that explanations thereof are omitted herein. 

30 On the glass substrate 1 0 is mounted an OE-SMD 50 via a cushion ring 8 such as rubber, plastic and metal. 

Explaining more concretely, a pair of guide pins 9 and six electrical input/output terminals 15 are arranged on 
a flange ring 2 at the bottom of the OE-SMD 50, the pair of guide pins 9 are fitted and fixed to corresponding 
guide holes 1 1 , respectively, and the terminal 15 is connected to a printed electric wiring by soldering. The end 
surfaces 14 of the optical wave guide 12 are intimately contacted with end surfaces of a pair of selfoc lenses 

35 5, 7 and connected thereto at the end surfaces. Thus, the selfoc lens 5 functions as an optical input terminal, 
while the selfoc lens 7 functions as an optical output terminal. The end surfaces of the selfoc lenses 5, 7 are 
positioned and fixed relative to the pair of guide pins 9. In a housing 1 of the optical electron accumulated device 
50 are accommodated and fixed the pair of selfoc lenses 5, 7, a light beam-receiving element 4, a luminescent 
element 6, and an electrical circuit 3. 

40 In addition to the structure as shown in Fig. 2A, the connection of the end surfaces of the selfoc micro lenses 

5, 7 and the end surfaces 14 of the optical wave guides 12 may also have a structure as shown in Fig. 2A or 
2C. In the structure shown in Fig. 2B, the selfoc lenses 5, 7 are fixed on the flange 2 of the OE-SMD 50. In this 
case, a portion of the end portions 12c of the optical wave guides 12 needs not be protruded from the front 
surface 30. In this case, the selfoc lenses 5, 7 have a structure of somewhat protruded from the flange 2, so 

45 that metallic rings, etc., may be attached on the outer periphery of the selfoc lenses 5, 7, in order to prevent 
break-off of the selfoc lenses 5, 7. 

In the structure shown in Fig. 2C, the selfoc tenses 5, 7 are accommodated and fixed in the housing 1 of 
the OE-SMD 50 in such a fashion thiat the end surfaces of the lenses have a same level with the bottom surface 
of the housing 1 . In this case, the whole of the bottom surface of th# housing 1 including the end surfaces of 

so the selfoc lenses 5, 7 has a structure of somewhat protruded from the flange 2. 

Next, operation of 4he optical surface mounting circuit will be explained. At first, a light beam passing 
through the optical wave guide 12 as indicated by . an arrow B is i bent along the bend portion 12b, projected 
vertically upward from the front surface 30 of the glass substrate 30,passed through the selfoc lens 5, and 
received by a light beam-receiving element 4 wherein the^iight beam is once converted into an electric signal. 

55 Meanwhile, a desired electric sfgrial is transmitted from the electric input/output terminal 1 5 to the electric signal 
processing device 3 to actuate the same, so that the electric signal processing device 3 can treat the electric 
signal inputted by the light beam-receiving element 4 to a desired extent The electric signal processing can 
be conducted according to a known treatment method, and various modifications thereof can be considered 

5 
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and adopted. For example, amplitude, phase or frequency, etc., of the electric signal Inputted by the light beam- 
receiving element 4 can be amplified simply or processed to regenerate an original signal coming through light 
beam-receiving element 4, or the electric signal from the light beam-receiving element 4 can be extracted to 
the exterior through the electrical input/output terminal 15 and subjected to monitoring without any processing 

5 of the electric signal. The electrical terminal 1 5 is also employed for an electric power supply, etc. Such electrical 
treating device is well known, so that explanations of internal structure thereof are omitted herein. 

Subsequently, the electric signal subjected to the desired electric treatment is transmitted to the lumines- 
cent element 6 consisting of semiconductor laser, etc., wherein it is transduced into an optical signal having a 
desired optical intensity, phase, wave-length and wave form, and then the optical signal is focused by the selfoc 

10 lens 7 to incident in the end portion 12c and coupled to in the optical wave guide 12 as indicated by an arrow 
C. 

According to this embodiment of the optical surface mounting circuit, the pair of guide holes 11 are formed 
in the glass substrate 1 0 and the pair of guide holes 1 1 are fitted to the pair of guide pins 9 to effect the mounting 
of the OE-SMD 50, and the electric output/input terminal and the optical terminals are connected to the electric 
wiring and the optical wave guide 12 of the glass substrate 10, respectively. Therefore, different from prior 
micro- optical devices, the OE-SMD 50 is automatically fixed on the substrate by the fitting of the guide pins 9 
to the guide holes 11 , so that conventional alignments of optical axes of individual optical parts are not neces- 
sary and hence the the man-hours for mounting opto-electronic devices on the substrate board can be exten- 
sively reduced. 

As the guide pins 9, preferably use is made of columnar studs. The guide holes need not penetrate the 
glass substrate 1 0. The guide pins 9 and the guide holes 1 1 can be varied in number, shape and position, etc 
Moreover, the guide pins may be provided on the front side of the glass substrate 10 and the guide holes 11 
may be provided on the OE-SMD 50 for the fitting thereof to achieve the mounting of the device 50 on the sub- 
strate 10. ~ ' 

Precision of the mounting by means of the guide pins 9 and the guide holes 11 can be varied depending 
on wave-length of the used light beam and purpose of the device, in recent optical communication systems 
single mode optica! fibers are usually used as optica! wave guide for broad area transmission. Today's standard 
single mode optical fiber has a core diameter of about 10 urn and a cladding diameter of about 125 urn There- 
fore, various optical devices including semiconductor laser as a light bream source have to align respective 
optical axes with a precision of about 1 um. Therefore, in order that the devices are usable in a broad zone 
transmission, the positioning by means of the guide pins 9 and the guide holes 11 has to be effected with a 
precision of about 1 urn, and the guide pins 9 may have an outer diameter of, for example, about a few mm 

Moreover, according to this embodiment of the substrate of the optical surface mount circuit, the light beam 
transmitted in the optical wave guide 12 is projected vertically upward relative to the front surface 30 of the 
substrate 10 from the end surface 14 of the optical wave guide 12, so that an OE-SMD can be mounted directly 
or via a desired buffer layer on the front surface 30 to treat the projected light beam with a desired treatment 
Similarly, the light beam projected from the OE-SMD mounted on the front surface 30 can be incidented from 
the end surface 1 4 in the optical wave guide 1 2. Therefore, a desired optical circuit can be produced by merely 
mounting and fixing an OE-SMD on the front surface 30 (front surface 31, as the case may be) of the glass 
substrate 10, so that the production, mounting, designing and change thereof of the opto-electronic circuit can 
be facilitated. 

In this embodiment, the structure per se of the OE-SMD 50 has a characteristic feature. Namely, the device 
50 has in its interior selfoc lenses 5, 7 acting as an optical input/output terminal, a light beam-receiving element 
a luminescent element and an electrical treating device (circuit) 3, these parts being individually fixed and alig- 
ned in optical axes beforehand. By preliminarily aligning the optical axes of the individual micro-optic element 
and the electric circuit and assembling them in the OE-SMD 50, the alignment of the optical axes thereof in 
the step of mounting the device 50 on the glass substrate 10 needs not be performed newly, so that cumber- 
some operations of alignment of the optical axes can be dispensed with to further facilitate the mass-production 
of the optical circuit 

Examples 2-4 
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Referring to Figs. 4-6. another embodiments of the optical surface mounting circuit are shown. 

In the optical surface mount circuit shown in Fig. 4, a total of four columns of optical wave guide 12 are 
55 formed in the interior of the glass substrate 10, and the end surfaces of the optical wave guides 12 exposed 
on the front surface 30 of the optica! wave guides 12 are connected to the light beam-receiving element or the 
luminescent element in the OE-SMD for the purpose of switching the optical wave guides 12 For example rf 
the pair of optical wave guides 12 at the left side in Fig. 4 are connected to the light beam-receiving elements 
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(input side) and the pair of optical wave guides 12 at the right side in Fig. 4 are connected to the luminescent 
elements (output side), switching between the optical wave guides can be performed by switching electrical 
connections between the luminescent elements and the light beam-receiving elements in the electrical treating 
device. 

5 In the embodiment shown in Figs. 5A, 5B and 5C, the input side of an OE-SMD 60 is omitted and the output 

side of the device 60 is solely built in the device 60. Therefore, a desired electric signal is transmitted to the 
electrical treating device 3 to control the same, and the luminescent element 6 is actuated by an electric signal 
from the electrical treating device 3 to suppty an optical signal of a desired wave form, wave-length, phase and 
intensity through the selfoc lens 7 and the optical wave guide 12. Of course, vice versa to the embodiment of 

10 Figs. 5A, 5B and 5C, an OE-SMD having solely a built-in light beam-receiving element can be used to detect 
the optical signal transmitted through an optical circuit at the light beam-receiving element and transduce it into 
an electric signal for transferring to the exterior. 

In the embodiment shown in Figs. 6A, 6B and 6C, the electrical treating device is not provided in an OE- 
SMD 70, and an optical isolator device 16 which is an optical treating device is solely built in the device 70, in 

15 order to intenrupt reflected light beams emanated from connected point of the optical fibers in the light beam 
transmitting path and from the outlet end of the optical fiber of the connection system when using a semicon- 
ductor laser and to obtain a stable oscillating property. The inventor has formerly proposed in Japanese Patent 
publication No. 52-6431 5 a polarization-independent optica! isolator (Japanese Patent No. 1335915). Explain- 
ing more concretely, the isolator device 16 accommodates therein two bi-refringent prisms like Rochon type 

20 17 and 19, a Faraday's element 18, and a mirror 20 if necessary, and optical axes of the optical parts of the 
isolator device 16 are aligned beforehand at the time of preparing the OE-SMD 70. Of course, structural ele- 
ments or parts of the isolator device 1 6 can be varied in various fashions. Instead of the isolator device 1 6, the 
device 70 can accommodate therein an optical fBter, an OEIC, and lens, etc., for example. 

25 Examples 5-6 

Referring to Figs. 7 and 8, a plug 44 for connecting the optical wave guides by means of an optical fiber 
is illustrated as if it is transparent, in order to show the interior thereof. 

A total of four columns of optical wave guides 12A, 12B, 12C and 12D are formed in the interior of the glass 

30 substrate 10, and the end surfaces 14A, 14B, 14C and 14D of all the optical wave guides are exposed on the 
front surface 30 of the glass substrate 10. A pair of guide holes 1 1 are bored around neighboring end surfaces 
14A, 14C, and similarly a pair of guide holes 11 are bored around neighboring end surfaces 14B, 14D. The 
plug 44 is made of a soft flexible material, such as resin, etc., and houses therein a pair of precise metallic 
fitting 45 which consists of a columnar portion 41 and a flange portion 42. The flange portion 42 is provided 

35 with a pair of guide pins 9 at the bottom surface thereof. The pair of precise metallic fittings 45 are connected 
to each other by an optical fiber 43, the end surfaces of the optical fiber 43 being fixed in the precise metallic 
fitting 45, and end surfaces 43b of the core 43a of the optical fiber 43 is exposed on the bottom surface of the 
precise metallic fitting 45. 

When mounting the plug 44 on the glass substrate 1 0, the guide pins 9 are fitted to the corresponding guide 
40 holes 11. In the drawings, the reference numeral 46 is a cushion rubber. In this case, the end surfaces 43b of 
the optical fiber is connected to the end surfaces 14A, 14B.of the optical wave guides 12A, 12B at the end sur- 
faces, so that high precision of size is required for a distance between the centra! axis of the core 43a of the 
optical fiber 43 and the central axis of the guide pin 9. The precise metallic fitting 45 is used to meet the require. 
The reason of making the plug 44 of a soft flexible material is to cope with a tiny deviation of the distance be- 
45 tween the optical wave guides 12A and 12B or 12C and 12D. 

In this way, according to this embodiment, the optical wave guides 12A and 12B can easily be connected 
to each other by the mounting of the plug 44, while attaining the similar effects as those of the embodiment of 
Fig. 1 . Alternatively, of course, the optical wave guides 1 2A and 1 2D can be connected to each other, the optical 
wave guides 12B and 12C can be connected to each other, or the optical wave guides 12A and 12D can be 
so connected to each other simultaneously with the connection of the optical wave guides 12B and 12C. 

Example 7 

Referring to Fig. 9, a mixing plug 51 is schematically shown. 
55 As a whole, the mixing plug 51 is made of a soft flexible material and has a similar structure to the plug 44 

of Fig. 7 and accommodates therein four precise metal lie fittings 52 and a mixing rod 53. A total of eight columns 
of optical wave guides 12 are formed in the interior of the glass substrate 10, and the end surfaces 14 of the 
optical wave guides 12 are exposed on the front surface of the glass substrate 10. Each two optical fibers 43 

7 
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are fixed on each precise metallic fitting 52, the end surfaces of the optical fibers 43 are connected to the end 
surfaces 14 of the optical wave guides 12 at the end surfaces, and the other end surfaces of the optical fibeis 
43 are connected to the mixing plug 51. In the mixing plug 51, an input optical signal is split into plural optical 
signals. 

The mixing plug 51 can also be used as a wavelength multiplexer/demultiplexer plug. In this case, the other 
end surfaces of the optical fibers 43 may be connected to a light beam wavelength multiplexer/demultiplexer, 
etc., to mix plural light beam signals of different wave-lengths or to branch a light bream signal of mixed wave^ 
lengths into plural light beam signals of respective wave-length at the receiving side of the mixing plug 51. 

Example 8 

Referring to Figs. 1 0A, 1 0B, 1 0C and 1 0D, sequential steps of a process of forming an optical wave guide 
in a glass substrate and exposing the end surface of the optical wave guide to the front surface of the substrate 
are shown. 

Atfirst, a glass plate or substrate 10 containing at least two types of modified oxides and having a uniform 
refraction is prepared. On the front surface of the glass plate 10 is formed afirst mask 21 of a desired pattern 
consisting of, e.g., paraffin or a mask for photoetching to yield a state as shown in Fig. 10A. 

Next, a solution of a salt of metallic cation (such as TT, etc.) having a larger ion polarization per unit volume 
as compared with those of metallic cations (such as K*. Na*. etc.) contained in the glass substrate 10 is con- 
tacted with the front surface of the glass substrate 10 via the first mask 21 to effect ion exchange thereof and 
diffuse Ti , etc., into the front surface 30, and then the first mask 21 is removed from the front surface of the 
glass substrate 10. By this treatment, ion exchange is effected from exposed portions 22 of the front surface 
not coated by the first mask 21, while forming a zone of refraction gradient in the substrate 10 wherein the ref- 
raction is gradually decreased from the surface of the exposed portions 22 towards the interior thereof as 
shown in Fig. 10B. 

In this case, as the modified oxides, Li 2 0, Na 2 0, K 2 0, Rb 2 0 3 , Cs 2 0. Tl 2 0, Au 2 0, A 92 0. CajO. MgO, CaO. 
BaO, ZnO. CdO, PbO, Sn0 2 and La 2 0 3 may be selectively used. 

The principle of forming a refraction gradient is described in detail in the applicant's Japanese Patent Publi- 
cation No. 48-5,975. Therefore, detailed explanations thereof are omitted herein, and the descriptions of Japan- 
ese Patent Publication No. 48-5,975 are incorporated herein by reference. 

Next, end portions of the exposed portions 22 of the front surface at the central side of the glass substrate 
10 are coated with a second mask 26, as shown in Fig. 10C. 

Then, a solution of a salt of metallic cation (such as K*. or Na+, etc.) having a smaller ion polarization per 
unit volume as compared with that of diffused ions (TT. etc.) used in the first ion exchange step is contacted 
with the front surface 30 of the glass substrate 1 0. By this treatment, a zone of refraction gradient is formed in 
the substrate 10 wherein the refraction is gradually increased from the exposed surface not coated by the seo 
ond mask 26 and contacted with the salt towards the interior of the substrate 10. In the areas of the exposed 
portions 22 as shown in Fig. 1 0C, zones of refraction gradients are formed wherein the refractions are gradually 
decreased from the central high refraction area towards the surrounding area thereof, as shown in Fig 10D 

In the meantime, the areas coated by the second mask 26 do not effect the above second ion exchange 
so that high refraction areas as shown in Fig. 10B remain as they are. As a result, when the second mask 26 
is removed therefrom, end portions 12c and the end surfaces 14 exposed to the front surface 30 are formed 
as shown in Fig. 10D. 

In this way. optical wave guides 12 having a desired pattern and end surfaces 14 exposed to the front sur- 
face of the glass substrate 10 can be formed. The optical wave guides 12 functions as a medium of transmitting 
alight bream, because they have zones of refraction gradient wherein the refraction is gradually decreased 
from the central axis towards the surrounding portion thereof, as mentioned above. 

The radius of curvature at the bend portion 12b should preferably be about a few mm when the diameter 
of the optical wave guide 12 is 10 urn. Variation rate An/n of variation An of the refraction in the optical wave 
guide 12 to the refraction n in the surrounding portion of the optical wave guide 12 should preferably be about 
0.1- a few %. 

In order to protrude a portion of the end portion 1 2C of the optical wave guide 12 from the front surface 30 
as shown in Fig. 2A, a method may be effected, e.g., of grinding the front surface 30 to some extent from the 
state of Fig. 1 1. The end portion 12c may be connected directly to the selfoc lens 5 withouteffecting the grinding 
as shown in Fig. 2B. , " ... 

In the above embodiments, explanations have been made taking a glass substrate as a plate-shaped trans- 
put dielectric body, however, generally synthetic resins can also be used as a plate-shaped transparent 
dielectric body. 
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For example, Japanese Patent Publication No. 47-26,913 proposed to use synthetic resins for an optical 
wave guide having a characteristic property of refraction of gradually varying from the central axis towards the 
surrounding portion. That is, according to Japanese Patent Publication No. 47-26,913, a synthetic resin sub- 
strate having cross-linkings by ion bondage of carboxylic groups and metallic ions is contacted with ions of an 

5 other metal, and the metallic ions in the synthetic resin near the contacted surface is substituted by the other 
metal ions in such a fashion that concentration ratio of at least two metallic ions contained in the synthetic resin 
substrate is varied from the center towards the surface of the synthetic resin substrate, whereby the refraction 
can be varied from the center toward the surface of the substrate. 

As the metallic ions, desirably ions of monovalent metal are used, though ions of any metal can be used. 

w Meanwhile, in case when the metallic ions diffused in the synthetic resin substrate by the ion exchange 

have a larger ion polarization per unit volume than that of the metallic ions contained beforehand in the synthetic 
resin substrate, the refraction in the substrate is decreased from the front surface towards the interior of the 
substrate. In contrast, in case when the metallic ions contained beforehand in the synthetic resin substrate have 
a larger ion polarization per unit volume than that of the metallic ions diffused in the synthetic resin substrate 

15 by the ion exchange, the refraction In the synthetic resin substrate is decreased from the interior towards the 
front surface of the synthetic resin substrate. 

This phenomenon clearly brings about the same results as those of the ion exchange in the glass substrate 
shown in the above embodiments. 

Therefore, a synthetic resin substrate is used instead of the glass substrate in the above embodiments and 

20 the first and second ion exchange treatments are effected according to a sequence of process steps as shown 
in Figs. 10A-10D to obtain a resin substrate as shown in Fig. 10D and 11. 

In addition to the method of preparing an optical wave guide in a synthetic resin substrate by ion exchange 
method, another methods can also be adopted. For example, a groove or a hollow guide is formed in a polycar- 
bonate resin substrate, and a liquid ultraviolet ray-curable resin is filled in the groove and cured by an ultraviolet 

25 ray to form an optical wave guide having a large refraction. 

Example 9 

Connection of the wiring on the front surface 30 of the substrate 10 to the wiring in the OE-SMD 50 may 
30 also be effected as follows. 

Referring to Figs. 12 and 13, connections of the device 50 to the substrate 10 Is shown. In this structure, 
six electrical input/output terminals 15 are protruded from the OE-SMD 50 to the exterior and connected to the 
printed electric wiring on the front surface 30 of the substrate 10 by soldering. Electrical input/output terminals 
15 arranged in the housing 1 are connected to a light beam receiving elements a luminescent element 6 or 
35 an electric circuit part 3. 

Example 10 

Referring to Fig. 14, another mode of connecting the OE-SMD 50 (60 or 70) to the glass substrate 10 is 
40 shown. Interiors of the devices and structure of the optical wave guide in the interior of the glass substrate 1 0 
are the same as those of Fig. 1, so that detailed explanations thereof are omitted. 

In this embodiment, a mountain-shaped leaf spring 80 having a central recessed pressing portion 80b is 
fixed on the glass substrate 10 by studs 81 a at the flanges 80a of the leaf spring 80, while pressing the housing 
1 from the upward by the pressing portion 80b to fix the optical device 50 (60 or 70). The pressing power of 
45 the pressing portion 80b may be adjusted by the studs 81a. In this embodiment, the optical device 50 (60 or 
70) is more assuredly prevented from disengagement from the glass substrate 10. 

In the abovementioned embodiments shown in Figs. 1A-9, the guide pins 9 may have threaded portions 
at their heads, and the threaded portions of the guide pins 9 may be protruded from the front surface 31 and 
threadedly engaged and fixed with nuts or the like fixing element to press the device 50 (60 or 70) to the glass 
so substrate 10. 

The above embodiments can be modified in various ways. 

In the embodiments shown in Figs. 1 A-14, the rubber cushion 8 may be made of a rubber orthe like resilient 
material, or metal instead of rubber. 

An OE-SMD involving optical part or device, such as an optical integrated circuit part or an optical electron 
55 integrated circuit (OEIC) can be mounted on the substrate of the present invention. The latter is an usual inte- 
grated circuit having a semiconductor substrate on which bipolar transistors and MOS FET are integrated and 
further an optical device, such as laser or photodiode, etc., integrated on the same substrate. 

Though in the embodiment of Figs. 1A and 1B the glass substrate 10 was explained as having a printed 
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40 



45 



electric wiring thereon or therein, the wiring is not always necessary, so that only an optical part not having an 
electric circuit can be mounted on the glass plate 10. In such a case, of course the optical part needs not an 
electrical terminal thereof. K 

s Example 11 

Referring to Figs. 17-19, process steps of forming an optical wave guide using a semiconductor substrate 
is shown. . 

< n ~ J? S?"* S ilT r , 63 iS f ° rmed °" a " insulative substrate 64. and a desired etching treatment is effected 
10 on the S. layer 63 to form a slant surface 63a of a gradient of 45'. Next, a buffer layer 62 is formed on the Si 

aTsho^in Fig 17 Ti ° 2 ° r * ^ **** 61 ' S f ° med °" buffer ,ayer 62 to yield a state 

Then, the SiO, layer doped with Ti0 2 or the Si 3 N 4 layer 61 is subjected to an etching treatment to foim an 
optical wave gu.de 65 having a straight portion 65a and an end portion 65c which is vertical to the front surface 
of the substrate, as shown in Fig. 1 8. Subsequently, a cladding layer 66 is formed on the Si layer and the optical 
wave guide 65 to prepare a substrate for an optical surface mount circuit 

SiO,T-i n S 65 iS , made fr0m Si3N * (refraCti0n n=1 - 97) ' daddi "9 ,a y er66 is «»de from 

°? \Z Z } ' d,sclosed Journal of Lightwave Technology. October 1989. p 1533. In the optical wave 
guide 65 the refraction is uniform, so that a light bream transmitted in the straight portion 65a is reflected at a 
SJSSSL and projected from an end surface 65d through the end portion 65c. Therefore, the substrate 
can be used as a substrate for an optical surface mount circuit similarly as the embodiments of Figs. 1 A-3 The 

Mrt herein * * " ^"^ * * ** 8,888 Mat *- S ° that detai,ed ex P |a " a «°ns thereof are 

Tift.*^." "T? °; f0rm ? 9 , b ° th the optical wave 9 uide 65 a "° the cladding layer 66 from Si0 2 doped with 
Z2i52r^ 7 9 Technol °9y- June 1988 - P 1003- 'n such a case, the content of TiO, 

m the cladding layer 66 is made small, while the content of TIO z In the optical wave guide 65 is made relatively 

SFSTJS? r T^°" l PtiCal W3Ve 9Uide 65 iS 3 " ttle than * e refracti °" h the^dTng faye'r 
In this embodiment, the refraction in the optical wave guide 65 can be made uniform, or a zone of refraction 
ral axis thereof towards the surround.ng portion, depending on production methods as already described above. 
Example 12 

substate'areshoX 2 ° A " 2 ° E ' Pr ° CeSS Stef>S ° f P re P arin 9 an optical wave guide using a semiconductor PWB 

Si laver' 5 tofe™VT n f * " ^ uIa ' ive substrate 64 > and a ^ired etching treatment is effected on the 
S. layer 63 to form a slant surface 63a of a gradient of 45°, as shown in Fig. 20A. In this case, a reactive ion 

J^gTo^ 

tt,m ni^f* 3 H9ht „ beam "? toot,n « la * er 90 is formed on Si layer 63. The light beam reflecting layer 90 is a 
f *7X 8UCh . aS ° r a ' UminUm ' etC - ° r mu,ti la y ered ««n of dielectric 

SrSJSSi?. T y 3 ! U ' tab ' e mea " S ' SUCh 3S vapor de P<*ition, sputtering, etc. Then, the light 
^„ fn ^- In f « ? " rem ° Ved bV etChi " 9 10 ,8ave 3 Part thereof neighboring the slant surface 63a as 
shown ,n F,g 20B. Subsequently, a buffer layer 62 is provided on the light beam reflecting film 90 and theS 

Sa^!n y Rg° 2 0C^ 

Then, the layer of SiO, doped with Ti0 2 or the Si 3 IM 4 layer 61 is etched to form an optical wave guide 65 

l a l 9 i!r !n P ? n 6 f! and a " end pOrti0n 65c which fe verti ^ to the front surface of the substrate, as 
shown in Fig. 20D. Thereafter, a cladding layer 66 is fanned on the optical wave guide 65 as shown in Fig 20E 
to prepare a substrate for an optical surface mount circuit 9 
This substrate can be used in the same mode as that of the substrate of Fig. 19. In addition, the bend portion 

?«hrT 9 nt fr porti0 " 6 !f. and the end 650 has a »9 ht " meeting film 90 adjacent 

so thata light beam transmuted ,n the straight portion 65a is completely reflected by the light beam reflecting 

beam which occasionally produced at the time of reflection of the light beam can be prevented as well as a 
lossof opt.ee. information which is caused by partial permeation of the light beam, so thaf me sS^miJng 
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efficiency can further be improved. 
Example 13 

5 Referring to Fig. 21, an embodiment is shown of preparing a substrate of the present invention using a 

single mode optical fiber. 

In this embodiment single mode optical fibers are embedded in a substrate made of resin, such as 
polyimide. etc. Explaining concretely, a resin is formed to a base plate 67 on which optical fibers 68 are posi- 
tioned, and end surfaces 69 of the optical fibers 68 are made to stand upright as shown in the drawing. Then, 

10 a resin material is cast on the optical fibers 68 on the substrate 67 to form a surface layer 71 thereby to embed 
and fix the optical fibers 68 therein. At this state, end surfaces 69 of the optical fibers 68 are exposed on the 
front surface 30 of the resin substrate 72, so that optical signal input/output can be reflected vertically to the 
front surface 30. as indicated by arrows. Thereafter, the resin substrate 72 can be used to an optical surface 
mounting circuit as shown in Fig. 1A-3, for example. 

is This embodiment can be modified in various modes, such as those described in Example 10. 

Example 14 

Referring to Fig. 22, an embodiment of mounting a micro optical device on the substrate of the present 
20 invention is shown. 

In Fig. 22, an optical wave guide is divided into two in the interior of the glass substrate 1 0 and end surfaces 
82a of the optical wave guides 82 are opposed to each other in the interior of the substrate 10, instead of expos- 
ing the end surfaces of the optical wave guides on the front surface of the glass substrate 10. 

An OE-SMD 80 accommodates therein an electric circuit part 3, a luminescent element4, and a light beam- 

25 receiving element 6 as well as the upper portion of selfoc lenses 85, 87. A pair of bores 81 are formed in the 
glass substrate 10 for receiving the selfoc lenses 85, 87, and lower portions of the selfoc lenses 85, 87 are 
exposed below the front surface 30 through a flange 3 and a rubber cushion 8 and inserted and fixed in the 
bores 81 to mount the optical electron accumulated device 80 on the front surface 30 of the substrate. The lower 
end surfaces of the selfoc lenses 85, 87 are connected to the end surfaces 82a of the optical wave guides 82 

30 at the end surfaces. In Fig. 22, a light beam transmitted in the optical wave guide 82 as indicated by an arrow 
B is reflected at a mirror portion 85a to direct upward, and focused by a selfoc lens 85 to incident on a light 
beam receiving element 4. Similarly, a light beam emanated from a luminescent element 6 is passed through 
a selfoc lens 87 and reflected at a mirror portion 87a to direct to a right direction, and transmitted in the optical 
wave guide 82 as indicated by an arrow C. Other structures of the OE-SMD 80 are the same as those of Figs. 

35 1Aand1B. 

In Fig. 22, similarly as in the positioning of the OE-SMD 50 of Figs. 1A^and 1B, the positioning of the OE- 
SMD 80 can be effected by providing guide pins on the housing 1 at the flange thereof, providing guide holes 
on the front surface 30 of the glass substrate 10, and fitting the guide pins to the guide holes. 

In the above embodiments of Figs. 1 A-Fig. 5C, the OE-SMD 50 (or 60) can be mounted on the glass sub- 
40 strate 10 under pressure by providing threaded portions on the pin tops of the guide pins 9, protruding the 
threaded portions of the guide pins from the front surface 31, and thread ably engaging nuts or the like threading 
parts with the threaded portions of the guide pins 9 from the front surface 31 . 

In the embodiments of Figs. 1A-5 and 22, the cushion 8 may be made of a resin or the like material, or 
metal instead of rubber. 

45 In addition, the electric wiring on or below the front surface 30 of the glass substrate 1 0 may be connected 

to the electric wiring of the OE-SMD 50 in the manners as shown in Figs. 2C and 1 3. 

Example 15 

so Referring to Fig. 23, another embodiment of an optical wave guide is shown wherein a light beam is ref- 

lected or reflexed upwardly. , v x . . ^ 

In Fig. 23, a slot 93 is formed *^ to reflect a light beam in the optical wave guide 

12, so that a light beam transmitted in the optical wave guide 12 is reflected upwardly by the slot 93 as shown 
in the drawing. Usually, the slot has a length L larger than 30-50 jtrri and a width W larger than 5-10 \im and 
55 the width W should preferably be at least larger than a few times of wave length of the light beam. 

In the optica) surface mount circuit of the present invention, an optical part is fixed on the front surface of 
the substrate by engaging the first guide means positioned and fixed relatively to the end surface of the optical 
wave guide with the second guide means positioned and fixed relatively to the optical terminal, and the optical 
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terminal is optically connected to the end surface of the optical wave guide, so that contacting of the end surface 
of the optical wave guide to the optical terminal can be automatically effected by the engagement of the first 
and second guide means. Therefore, an optical part can quite easily be mounted on the optical surface mounting 
circuit without necessitating conventional individual alignment of optical axes of optical parts, so that man-hours 
for production thereof can extensively reduced. Therefore, complicated optical circuit can be mass-produced, 
and designing of mounting an optical part on the optical surface mount circuit can be much facilitated as well 
as change of the designing. 

According to the substrate of the present invention for optical surface mount circuits, a light beam trans- 
mitted in the optical wave guide is projected from the end surface of the optical wave guide exposed to the 
front surface of the substrate, or a light beam incidented from the end surface of the optical wave guide is trans- 
mitted in the optical wave guide, so that a desired optical circuit can be produced by mounting and fixing an 
optical part on the front surface, and connecting the inlet/outlet portion of the optical part to the end surfaces 
of the optical wave guide. Therefore, production, mounting, designing, and change of designing of optical parts 
can quite easily be performed. Therefore, the present invention is very useful and important as a technique of 
mounting an optical part on the surface of the optical circuit which is similar to SMT, and gives a large impact 
on application of optical technique to subscriber system, LAN (local area network), office automation devices, 
and audio visual devices, etc., in which rapid increases of demand are expected in future. 

Also, in the OE-SMD of the present invention has at least an electric circuit part and a signal transducer 
are provided, the optical axis of the optical terminal is aligned beforehand to the signal transducer and then 
optically connected to the end surface of the optical wave guide, and the electric circuit part is connected to 
the electric wiring on the substrate, so that conventional sequential fixing and optical axes alignment of various 
microoptic parts and electric circuit parts of different size, standard, and shapes on the substrate in the mounting 
step is not necessary any more. Therefore, mass production, designing, and change of designing of the opto- 
electronic circuits which perform a light beam/electron transducing process, can be facilitated. 

Although the present invention has been explained with specific examples and numeral values. It Is of 
course apparent to those skilled in the art that various changes and modifications thereof are possible. 



Claims 

1. An optical surface mount circuit, comprising, a substrate having optical wave guide and a first guide means 
positioned and fixed relative to an end surface of the optical wave guide, and an optical part having optical 
terminals and a second guide means at the bottom positioned and fixed relative to the optical terminals, 
the first and the second guide means being engaged and fixed at the front surface of the substrate, and 
the optical terminals and the end surface of the optical wave guide being optically connected. 

2. The optical surface mount circuit of claim 1 , wherein the substrate has electric wirings, and electric termi- 
nals of the optical part are electrically connected to the electric wirings. 

3. The optical surface mount circuit of claim 2, wherein the electric wirings are printed electric wirings. 

4. The optical surface mount circuit of claim 1 , wherein a leaf spring fixed to the substrate presses the optical 
part towards the substrate at the state of fixing the optical part to the front surface of the substrate by engag- 
ing the first guide means with the second guide means. 

5. A substrate for optical surface mounting circuits, comprising optical wave guides in the interior of the sub- 
strate, at least one end surface of the optical wave guide being exposed to the front surface of the substrate. 

6. The substrate of claim 5. wherein the substrate is a plate-shaped transparent dielectric body, and the optical 
wave guide has a zone of refraction gradient wherein the refraction is decreased from the central axis of 
the optical wave guide towards the surrounding portion. j 

7. The substrate of claim 6. wherein the plate-shaped dielectric body contains plural : kinds of metallic cations, 
the contents of the plural kinds of metallic cations are varied from the central axis towards the surrounding 
portion of the optical wave guide in such a fashion that the optical wave guide has a zone of refraction gra- 
dient wherein the refraction is decreased from the central axis of the optica! wave guide towards the sur- 
rounding portion. 
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8. The substrate of claim 7, wherein the plate-shaped dielectric body is a glass. 

9. The substrate of daim 6, wherein the plate-shaped dielectric body is a resin. 

s 10. The substrate of claim 5, wherein the substrate is a plastics substrate, and the optical wave guide is an 
optical fiber embedded in the interior of the resin substrate. 

11. The substrate of claim 5, wherein the substrate is a composite substrate having a semiconductor layer and 
a cladding layer on an insulative layer, and the optical wave guide is made of an oxide or nitride of semi- 

10 conductor constituting the semiconductor layer. 

12. A method of producing a substrate for an optical surface mount circuit, comprising the steps of, forming a 
desired pattern of a first mask on a front surface of a plate-shaped transparent dielectric body containing 
metallic cations, contacting a salt of metallic cations having a larger ion polarization per unit volume than 

is that of the metallic cations in the plate-shaped transparent dielectric body with a first exposed part of the 

front surface not coated by the first mask to perform a first ion exchange, removing the first mask from the 
front surface, subsequently coating a portion of the first exposed part with a second mask, contacting a 
salt of metallic cations having a smaller ion polarization per unit volume than that of the metallic cations 
used in the first ion exchange step with a second exposed part of the front surface not coated by the second 

20 mask to effect a second ion exchange, and removing the second mask from the front surface, whereby an 

optical wave guide having a zone of refraction gradient wherein the refraction is decreased from the central 
axis toward the surrounding portion is formed according a pattern of the first exposed part, and an end sur- 
face of the optical wave guide exposed to the front surface is formed onjhe portion coated by the second 
mask. 

25 

13. An opto-electronic surface mount device of a substrate on an optical surface mount circuit having an optical 
wave guide, comprising, an electric part for an electric circuit, a signal transducer connected to the electric 
part for transducing optical signals and electric signals from each other, an electric terminal electrically con- 
nected to the electric part for electrically connecting to electric wirings on the substrate, and optical termf- 

30 nals having an optical axis aligned with the signal transducer and optically connected to an end surface of 

the optical wave guide of the substrate. 

14. The opto-electronic surface mount device of claim 13, wherein the optical terminal is an optical input ter- 
minal and/or an optical output terminal. 
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15. The opto-electronic surface mount device of claim 13, wherein the substrate is selected from the group 
consisting of glass and resin. 



16. The opto-electronic surface mount device of claim 13, wherein the device is provided on the substrate via 
40 a buffer layer. 

17. The opto-electronic surface mount device of claim 14, wherein the optical input terminal and the optical 
output terminal are selfoc lenses. 



18. The opto-electronic surface mount device of claim 13, wherein the electric circuit part the optical signal 
transducer, the electric terminal, and the optical terminal are fixed and their optical axes are aligned. 
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